IMPORTANCE Recent studies suggest that dipeptidyl peptidase 4 (DPP-4) inhibitors are associated with an increased risk of developing bullous pemphigoid (BP). Population-based studies on the association between DPP-4 inhibitors and BP are limited.
B ullous pemphigoid (BP) is a rare autoimmune bullous disease characterized by generalized pruritic tense blisters and erosions, mainly on the skin in elderly patients. 1 It is characterized by an autoimmune response directed against hemidesmosomal proteins (BP180 and BP230) at the dermoepidermal junction. 2 Although the exact pathogenesis of BP remains unknown, neurologic disorders (eg, dementia and Parkinson disease), psychiatric disorders, inflammatory skin diseases, and conditions associated with being bedridden are considered to be risk factors of BP. [3] [4] [5] [6] Various factors (eg, trauma, burns, radiotherapy, and drugs) may be involved in the development of BP. 1 Dipeptidyl peptidase 4 (DPP-4) inhibitors are a new class of oral antidiabetic agents for patients with type 2 diabetes that can be used alone or in combination with metformin.
7 inhibitors inhibit the degradation of incretins, thereby decreasing glucagon release, increasing insulin secretion, and decreasing blood glucose levels. 8 Sitagliptin was the first DPP-4 inhibitor approved by the US Food and Drug Administration in 2006, followed by saxagliptin in 2009, linagliptin in 2011, and alogliptin in 2013. Additional DPP-4 inhibitors are also available in Korea, including vildagliptin, gemigliptin, anagliptin, and teneligliptin. Recent clinical reports suggest that the use of DPP-4 inhibitors is associated with an increased risk of developing BP, but large population-based studies are rare, and the association is not yet fully elucidated. [9] [10] [11] [12] In this study, we investigated the association between the use of DPP-4 inhibitors and BP using insurance claims data in Korea. In addition, we analyzed the association of patient age, sex, and a specific DPP-4 inhibitor with the risk of developing BP in patients with diabetes prescribed a DPP-4 inhibitor.
Methods

Data Source and Acquisition
We performed a retrospective, nationwide, populationbased, case-control study by acquiring data from the Health Insurance Review & Assessment Service database in Korea, which covers all Koreans, from January 1, 2012, to December 31, 2016. The data included all medical records, including patient's age, sex, and information related to diagnosis and medications. This study was approved by the institutional review board of Bundang CHA Medical Center, Seongnam, Republic of Korea, and patient consent was waived.
Study Population
Patients with diabetes and BP were identified by collecting data on patients who visited any type of medical institution with a principal diagnosis of BP and diabetes according to the International Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10). To improve the accuracy of the diagnosis, we included patients who had received a diagnosis of BP (ICD-10 code L12.0) and diabetes (ICD-10 codes E11, E13, or E14) as the principal diagnosis on at least 2 occasions during the study period. The control patients were randomly obtained from among patients with diabetes who had not previously received a diagnosis of bullous skin diseases after matching for age, sex, and year of diagnosis with the patients with diabetes and BP from January 1, 2012, to December 31, 2016. One control patient was matched for each patient with diabetes and BP. For all case and control patients, comorbid disorders were investigated. Cardiovascular, neurologic, other endocrinologic (except for diabetes), malignant, nephrologic, psychological, rheumatic, and other dermatologic disorders were included.
We examined the number of patients who were prescribed DPP-4 inhibitors and the specific type(s) of DPP-4 inhibitors prescribed during the study period in both groups. We classified DPP-4 inhibitors into 4 groups; vildagliptin, sitagliptin, linagliptin, and others (ie, saxagliptin, teneligliptin, gemigliptin, and alogliptin). All DPP-4 inhibitors prescribed before the diagnosis of BP were included, and other cotreatments were also reviewed. The number of patients with newly diagnosed BP and diabetes per year and the proportion of patients with diabetes among all patients with BP were assessed.
Statistical Analysis
All patient characteristics were collected, and the results are expressed as mean (SD). Pearson χ 2 or Fisher exact tests were used to directly compare the individual comorbid disorders and cotreatments between the case and control groups. All factors with a P < .05 are considered as possible confounding variables in multivariate logistic regression models. The factors for adjustment were neurologic, malignant, and psychological comorbid disorders and receipt of spironolactone or psycholeptics. To determine the association of DPP-4 inhibitors with BP in terms of adjusted odds ratios (aORs) and 95% CIs, the multivariate logistic regression model was used. A subgroup analysis by age, sex, and the specific type of DPP-4 inhibitor was also investigated. A 2-sided P < .05 was considered to be statistically significant. All data were analyzed using PASW Statistics, version 18.0 (IBM Co).
Results
Clinical Characteristics of Patients and Controls
In total, 670 patients with newly diagnosed BP and diabetes and 670 controls were included in the study period ( 
DPP-4 Inhibitors and BP
Univariate analysis revealed that the use of DPP-4 inhibitors in patients with diabetes was associated with a higher risk of BP (OR, 1.61; 95% CI, 1.28-2.03; P < .001). Multivariate logistic regression analysis revealed that the risk of BP was significantly higher in patients with diabetes who were prescribed a DPP-4 inhibitor compared with the controls (aOR, 1.58; 95% CI, 1.25-2.00; P < .001). Of the DPP-4 inhibitors available in Korea, use of vildagliptin had the greatest association with increased risk of BP (aOR, 1.81; 95% CI, 1.31-2.50; P < .001); sitagliptin (aOR, 1.70; 95% CI, 1.19-2.43; P = .004) and linagliptin (aOR, 1.64; 95% CI, 1.15-2.33; P = .006) were also significantly associated with the development of BP ( Table 3) .
Subgroup Analysis According to Age
We divided all patients into 2 groups: younger than 75 years and 75 years or older. Patients younger than 75 years who were taking DPP-4 inhibitors had an increased risk of developing BP (aOR, 1.76; 95% CI, 1.22-2.55; P = .003). The use of vildagliptin (aOR, 2.03; 95% CI, 1.24-3.32; P = .005) and sitagliptin (aOR, 1.80; 95% CI, 1.04-3.13; P = .04) were significantly associated with development of BP. Older patients (≥75 years of age) also had an increased risk of BP (aOR, 1.50; 95% CI, 1.11-2.04; P = .008) ( Table 4) .
Subgroup Analysis According to Sex
In male patients with BP and diabetes, we found a significant association between the use of DPP-4 inhibitors and BP (aOR, 1.91; 95% CI, 1.39-2.63; P < .001). Of the DPP-4 inhibitors available in Korea, use of vildagliptin had the greatest association with the development of BP (aOR, 2.70; 95% CI, 1.73-4.34; P < .001). No association was found between the use of DPP-4 inhibitors and increased risk of BP in female patients with BP and diabetes (Table 4) .
Discussion
We performed a retrospective, population-based study of 670 patients with BP and diabetes and 670 controls using Korean insurance claims data to evaluate the association between DPP-4 inhibitors and the development of BP in patients with diabetes. Our study suggests that use of DPP-4 inhibitors is associated with an increased risk of developing BP (aOR, Abbreviations: DPP-4, dipeptidyl peptidase 4; OR, odds ratio. a The ORs and 95% CIs were estimated using univariate logistic regression analysis. b The ORs and 95% CIs were estimated using multivariate logistic regression analysis adjusted for neurologic, malignant, and psychological comorbid disorders and receipt of spironolactone and psycholeptics. Sitagliptin and linagliptin were not associated with the development of BP in this study. In a recent study 14 of 36 patients with BP, intake of DPP-4 inhibitors was associated with a 3-fold increased risk of BP (aOR, 3.2). In addition, that study reported that use of vildagliptin (n = 24) and linagliptin (n = 9) was associated with an increased risk of BP (aORs, 10.7 for vildagliptin and 6.7 for linagliptin). The use of sitagliptin (n = 6) was independent of the development of BP. Given the relatively small sample size, that study was underpowered to validate that vildagliptin and linagliptin are associated with the development of BP. Owing to a larger sample size, in the present study, the risk associated with each DPP-4 inhibitor could be assessed. Our study found that vildaglitin has a greater association with the development of BP compared with other DPP-4 inhibitors (aOR, 1.81; 95% CI, 1.31-2.50); however, the risks associated with specific DPP-4 inhibitors was lower in our study than what has been reported previously. Subgroup analyses conducted in this study revealed that use of DPP-4 inhibitors was associated with an increased risk of developing BP in male but not female patients with diabetes. In particular, the risk associated with vildagliptin prescription was higher in male patients (aOR, 2.70; 95% CI, 1.73-4.34). In female patients, we found that use of DPP-4 inhibitor was not a significant risk factor for the development of BP. Similar to the results reported herein, a study 11 of 61 patients also indicated that the association between DPP-4 inhibitors and increased risk of developing BP was observed only in male patients. Kridin and Bergman 14 also
reported that the association of DPP-4 inhibitors with BP was stronger among male patients. According to the age-stratified subgroup analysis, we found that patients who received DPP-4 inhibitors were at a significantly increased risk of developing BP compared with control patients regardless of age, and the risk was slightly higher in those younger than 75 years. One previous study 11 suggested that older age could be a risk factor for developing BP, but this finding was not evident in our study. In contrast, Kridin and Bergman 14 suggested that the strongest association was observed in patients younger than 70 years. Recent studies 10, 14 have reported that male patients with diabetes commonly have a high risk of BP, but the association between age and increased risk of BP indicates the conflicting results. To validate these results, further large-scale cohort studies in various regions will be needed. Of interest, we observed that the risk of BP was high in patients younger than 75 years who received DPP-4 inhibitors, including saxagliptin, teneligliptin, gemigliptin, and alogliptin, but the small sample sizes make generating conclusive claims difficult. Recent studies 15, 16 indicate that the annual number of patients with BP and diabetes and the prevalence of diabetes in patients newly diagnosed with BP have increased since 2010. Our study also found that the proportion of patients with diabetes among all patients with BP has increased since 2012. According to these results, we hypothesized that the increased proportion of diabetes in patients with BP might be attributable to the use of DPP-4 inhibitors. Several previous epidemiologic studies [17] [18] [19] have found that BP was more common in females. Our study also found similar results, and the proportion of males to females was 0.78:1. The proportion of male to female patients with diabetes and BP was 1.04:1. In the European pharmacovigilance database, the development of BP in patients with diabetes as a result of a drug adverse effect was more common in men. 20 There is a difference in sex distribution between total patients with BP and patients with BP and diabetes; these differences may be attributable to the increased risk of developing BP in male patients who received DPP-4 inhibitors, particularly vildagliptin. It is not clear why the use of DPP-4 inhibitors was associated with an increased risk of developing BP in only male patients. The exact pathogenesis of how DPP-4 inhibitors might cause BP remains unclear. DPP-4 inhibitors may alter the antigenic properties of the epidermal basement membrane and lead to modifications of the immune response in genetically predisposed patients. 21, 22 Among the DPP-4 inhibitors available in Korea, vildagliptin use was associated with the greatest risk for the development of BP. The DPP family includes not only DPP-4 but also the structurally similar DPP-2, DPP-8, DPP-9, and fibroblast activation protein. 23 Most DPP-4 inhibitors have high DPP-4 selectivity, but there are differences among different drugs of this class. Vildagliptin, which has been reported to have lower selectivity for DPP-4 than linagliptin and sitagliptin, significantly decreased DPP-8 and DPP-9 activity in an ex vivo study. 24, 25 The exact function of DPP-8
and DPP-9 is unknown, but DPP-8 and DPP-9 are considered to be a new checkpoints that hold procaspase-1. DPP-8 and DPP-9 inhibition results in the conversion of procaspase-1 into an activated form of procaspase-1. 23, 26 Remarkable upregulation of the nucleotide-binding domain, leucine-rich family protein 3-caspase-1-IL-18 axis was found in patients with BP and has been positively correlated with disease activity. 27 We hypothesized that the inflammasome-caspase-1 pathway was associated with the BP pathogenesis, namely, that unwanted DPP-8 and DPP-9 inhibition induced activation of the caspase-1 pathway because of low selectivity of vildagliptin, which may contribute to an increased risk of developing BP.
Strengths and Limitations
The main strength of our study is that patient information, including all drug prescription details, was obtained from the Korean insurance claims data. Our study assessed the association of use of DPP-4 inhibitors with the risk of developing BP based on a nationwide cohort with BP and is one of the largest cohort studies of this condition to date. There are some limitations to the present study. First, we could not confirm the actual onset of the BP symptoms and the duration of use of DPP-4 inhibitors before the onset of BP. Second, DPP-4 inhibitors are frequently prescribed in combination with metformin; however, we did not consider the effect of metformin because it has not been implicated in the development of BP.
14 Recent studies 14, 28 also suggest that antidiabetic agents other than DPP-4 inhibitors are not associated with BP and the association of DPP-4 inhibitors with BP is independent of the use of metformin.
Conclusions
Our nationwide, population-based study revealed an increased proportion of patients with diabetes among patients with BP and that DPP-4 inhibitors were associated with a significantly increased risk of the development of BP in patients with diabetes.
Vildagliptin use had the greatest association with the development of BP compared with other DPP-4 inhibitors. The findings suggest that use of DPP-4 inhibitors is associated with the development of BP in patients with diabetes, particularly the use of vildagliptin in male patients. Further studies are required to understand the exact pathogenesis and further characterize the association between DPP-4 inhibitors and the development of BP.
